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Abstract: This paper presents the results of 2 experiments: an incubation experiment and a subsequent field experiment.
An incubation experiment was set up in order to determine the mineralization potential of different organic materials
(OMs) (well-rotted farmyard manure [FTM], guano [G], soybean seed [S], and forage pea seed [P]), the kinetics of
mineral nitrogen (N) release, and the correlation between OM content and the quantity of mineralized N. The results of
the incubation experiment were checked under field conditions in which different OMs were used as N sources for
−1
lettuce (Lactuca sativa L.). The highest mineralization rate constant k (0.127 day ) and net mineralization rate (NM)
−1
(76.37% of total applied N) were obtained with G, and the lowest k (0.098 day ) and NM (30.12% of total applied N) were
obtained with FYM. In the field experiment in 2007 and 2008 we applied different OM sources that contained the same
−1
amount of potentially mineralizable N (40 and 35 kg N ha , respectively), calculated on the basis of k and NM. The use
of OMs increased the concentration of mineral N in the soil and increased the yield of fresh lettuce. Nitrate content in
the fresh lettuce was within acceptable limits both years (<2500 mg kg−1). Total N in the above-ground parts of lettuce
−1
−1
ranged from 44.38 kg N ha (Ø, treatment without fertilization) to 67.45 kg N ha (S) (2-year average). The results show
that when determining the quantity of OM to apply it is necessary to take into account the quantity of potentially
mineralizable N in order for the plants to use N as efficiently as possible, to regulate the nitrate content in fresh lettuce,
and to control the quantity of residual mineral N in the soil at the end of the vegetation period.
Key words: Lettuce, nitrogen, organic farming, potentially mineralizable N
Abbreviations: OM: organic material; G: guano; S: soybean seed; P: forage pea seed; NM: net mineralization;
k: mineralization rate constant; AN: potentially mineralizable N

Introduction
Organic farming excludes the use of N mineral
fertilizers (FAO Codex Alimentarius 1999); therefore,
supplying crops with N requires the use of organic
sources of N—organic matter in the soil and the
application of different organic materials (OMs), such

as organic fertilizers, legumes, and crop residue. As
mineralization is biological decomposition, the
availability of N for crop plants is controlled by the
chemical composition of OM, and the physical,
chemical, and biological characteristics of the soil
(Vigil and Kissel 1995; Pansu and Thuries 2003).

* E-mail: majacuv@polj.uns.ac.rs
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By plowing under crop residue (Trinsoutrot et al.
2000; Chaves et al. 2004), applying organic waste and
manure with relatively high N content (>1.5%) and a
narrow C/N ratio (<20) (Cordovil et al. 2005; Burgos
et al. 2006), and via their mineralization in the soil
and significant N content of its mineral, the available
form of N can be released, satisfying crop
requirements for N (Amlinger et al. 2003; Bavec et al.
2006). On the other hand, materials with a wider C/N
ratio cause immobilization of N (Chaves et al. 2005),
which in turn reduces the yield of short vegetation
crops. As such, it is necessary, when using organic
sources of N, to estimate the mineralization potential
of OMs so that by selecting a fertilizer with an
appropriate content and by applying it at different
times, the needs of the crops can be synchronized
with the release of nutrients (Pang and Letey 2000;
Berry et al. 2002).

importance (Willer and Yussefi 2006; Al-Bitar 2008)
and there are not enough data on OMs that could be
sources of N (Cuvardic et al. 2006), the goals of the
present study were as follows:

Excessive and inappropriate use of OMs can cause
intensive mineralization and drastically increase
mineral N in the soil and plants (Burns 1996), which
triggers various disturbances in the biological
equilibrium of the ecosystem, and excessive and
harmful accumulation of nitrates in the plants
(Andersen and Nielsen 1992).

Materials and methods

Lettuce (Latuca sativa L.) is one of the most
popular vegetable species, characterized by the
accumulation of high amounts of nitrates in the fresh
mass. In organic production, which is traditionally
performed on small family farms, the production of
lettuce is of great economic and social importance
(Čabilovski et al. 2008; Porto et al. 2008). As organic
farming in southeast Europe is increasing in

To determine the mineralization potential of
different OMs, the kinetics of mineral N release, and
the correlation between OM contents and the quantity
of mineralized N by means of an incubation
experiment;
To estimate the quantities of different OMs needed
to satisfy N needs in field-grown lettuce (Lactuca
sativa L.), based on the potentially mineralizable N
content;
To examine under field conditions the effects of
the applied OMs on lettuce yield, on nitrate content
in fresh mass, and residual N content in the soil.

Amendment and plant material characterization
The chemical composition of the applied OMs is
given in Table 1. Dry matter content was determined
gravimetrically (70 °C for 24 h). Total C and N content
was determined using a CHNS analyzer (Elementar
Vario EL, GmbH, Hanau, Germany). Mineral N
(NH4-N and NO3-N) content in the OMs was
determined after extraction in water, using the steam
distillation method (Keeney and Nelson 1982).
Nitrate content in lettuce, following distilled water
extraction and application of phenol disulfonic acid
and ammonium hydroxide, was determined by the
spectrophotometric method (λ, 420) (Johnson and
Ulrich 1950).

Table 1. Chemical composition of the OMs used in the experiment.
Organic
material

DM1
(%)

Total C
(%)

Total N
(%)

WSN2
(percent of total N)

C/N
ratio

FYM

88.86

22.80

2.00

2.45

11.40

G

93.28

44.40

15.32

0.96

2.89

P

96.20

41.55

4.08

0.17

10.17

S

96.80

49.93

6.65

0.23

7.50

1

DM: dry matter; 2WSN: water-soluble N

164

M. MANOJLOVIĆ, R. ČABILOVSKI, M. BAVEC

Soil data and soil characterization
The soil used in both field incubation experiments
was non-calcareous chernozem. A soil sample was
taken from the topsoil layer (0-30 cm) of a farm in
Kisač, Serbia (lat 45°35′N, long 19°72′E; 85 m altitude
a.s.l.), which was in the process of being certified for
organic production. The pH value of the soil was
determined in a suspension of soil and H2O (1:2.5)
using a Metrel MA 3657 pH meter. CaCO3 content
was determined volumetrically using a Scheibler
calcimeter (Soil Survey Staff 1993). Total N content
was determined using a CHNS analyzer (Elementar
Vario EL, GmbH, Hanau, Germany). Organic C
content was determined by oxidizing the OMs with
potassium dichromate (Simakov and Tsyplemkov
1969). Plant available P and K were extracted with an
AL solution (0.1 M ammonium lactate and 0.4 M
acetic acid, pH 3.75) at a soil to solution ratio of 1:20
(w/v) (Enger et al. 1960). The concentration of P was
measured by spectrophotometry, while the
concentration of K was measured by flame
photometry. Mineral N content under field conditions
during the vegetation of lettuce was determined by the
Wehrmann and Scharpf method (1979). Basic
chemical characteristics of the soil were as follows:
pH, 7.52 (in H2O); 0.17% CaCO3; 3.31% humus;
0.227% total N; 11.02 C/N ratio; 11.21 mg 100 g−1 ALP2O5; 26.80 mg 100 g−1 AL-K2O.
Incubation procedure
Four different OMs were analyzed in the
incubation experiment: well-rotted farmyard manure
(FYM), guano (G), soybean seed, Glycine hispida (S),
and forage pea seed, Pisum sativum (P). PVC
3
containers (100 cm ) were filled with soil (with 70% of
holding water capacity, which corresponds to the
mass of 50 g of absolutely dry soil) mixed with ground
OM, which was added in the amount that
incorporated 5 mg of total N. Then the containers
were covered with semi-permeable wax parafilm in
order to reduce water loss during incubation.
Moisture in the soil was maintained at the same level
by weighing the mass of the container every 7 days
and adding distilled water when the mass dropped by
more than 0.05 g. Incubation in the dark lasted for 28
days and at the constant temperature of 28 °C. A
sample of soil without added OM was incubated as a
control so that we could assess the soil’s

mineralization potential and calculate the portion of
mineralized N in total N contained in OM. Mineral
N content in the containers was measured every 7
days by taking 4 repetitions of every treatment.
Mineral N in the soil was extracted by 2 M KCl (1:4
soil to solution ratio, weight basis) and determined by
steam distillation (Keeney and Nelson 1982).
Net mineralization (NM) of the OMs was
calculated as the difference between mineral N
content in the containers with OM and without OM
(soil only) using the following equation:
NM (%) =

T–K–P
V # 100%

(1)

where NM is net mineralization of OM, T is mineral
N content in the container with OM (mg of NH4-N +
NO3-N), K is mineral N content in the container
without OM (mg of NH4-N + NO3-N), P is initial
mineral N content, and V is total N content in OM (5
−1
mg N container ).
The net mineralization patterns of the OMs were
fitted to the single first-order kinetics model (Stanford
and Smith 1972).
AN(t) = AN (1 – exp(- kt))

(2)

where AN(t) is the amount of mineral N released at
time t (percent of total N applied), AN is the amount of
potentially mineralizable N (percent of total N
applied), and k is the N mineralization rate constant
−1
(day ).
The zero order kinetics model N(t) = k t (N(t) is the
amount of N mineralized after time t) was used to
describe N mineralization from the blank soil (De
Neve et al. 1996).
Field experiment
The effects of different OMs tested in the
incubation experiment were studied in the vegetation
field experiment on leafy lettuce (Lactuca sativa L.),
var. Brezolist, as the principal crop. The experiment
was conducted during 2007 and 2008 on the plot from
which the soil samples were taken for the incubation
experiment. Mean weekly air temperature, total
precipitation, and soil moisture of the root system (030 cm) for each week are given in Table 2.
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Table 2. Mean weekly air temperature, total precipitation, and soil moisture in the area of the roots during the
vegetation of lettuce.
Vegetation period (weeks)
Parameters

Year
1

2

3

4

5

6

7

8

9

Air temperature (°C)

2007
2008

9.9
7.2

6.9
6.1

10.6
10.1

11.7
13.1

11.4
12.3

13.5
14.6

17.2
14.0

20.5
17.7

19.6

Precipitation (mm)

2007
2008

0
11.2

45.4
5.3

0.1
0.2

0
4.10

0
6.4

52.7
2.1

0
25.9

0.7
0.4

5

Soil moisture (%)1

2007
2008

88.5
87.0

92.5
89.5

90.5
90.6

89.9
89.4

82.5
84.7

90.1
83.4

80.1
77.3

75.6
76.1

76.9

1

Percent of field water capacity

In order to avoid the prolonged effect of applied OM
and intercropping, the experiment was set up on 2
different parts of the same plot during the 2 years. It was
set up using a block system with random distribution of
treatments in 4 replications. The treatments were as
follows: control (Ø1), farmyard manure (FYM), guano
(G), forage pea seed (P), and soybean seed (S). In
addition to these treatments, we observed the content of
mineral forms of N during the vegetation of lettuce (Ø2)
in the plots without vegetation.
Total quantity of applied OMs differed in the 2
years, depending on the amount of mineral forms of
N in the soil at the time of planting. OMs were applied
during the preparation of the soil, immediately before
planting the lettuce in the open field. Soybean seed
and forage pea seed were previously ground and sifted
through a 2-mm sieve. Soil moisture during
vegetation was maintained at an optimal level using a

Tifon irrigation system. The main plot was 5.4 m2 (1.8
3 m). Table 3 provides basic data on the timing of
technological operations during the production of the
field-grown lettuce.
Soil samples used to determine mineral N content
during lettuce vegetation were 2 individual samples
taken from every treatment replication. During
harvesting the mass of 30 plants from each replication
was measured to establish total yield, whereas the
sample for determining nitrate content in fresh mass
was 4 lettuce plants.
Statistical analysis
Results were subjected to analysis of variance
(ANOVA), according to their experimental design,
and treatment mean results were compared using
Tukey’s test (P < 0.05). The analyses were performed
using STATISTICA v.7.0.

Table 3. Dates of procedures during lettuce production.
Procedure
Year

2007
2008
1

2
3
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Lettuce
sowing1

OM
application

Lettuce
planting2

Agril foil
removing

Lettuce
harvest3

Vegetation
(days)

7 February
12 February

17 March
15 March

18 March
17 March

18 April
23 April

12 May
18 May

56
63

Lettuce seed was sown in plastic containers with a nutritious substrate. Young lettuce plants were grown in the
greenhouse until they formed 4-6 leaves.
Planting density (11 plants m−2).
Lettuce was harvested when it was commercially ripened
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mineralized N (Nt) from the soil’s organic matter was
−1
1.88 mg N 100 g soil , which corresponds to 66 kg N
−1
ha for topsoil (0-30 cm).

Results
Net nitrogen mineralization
Net OM mineralization values are given in Table
4. The highest NM values were obtained with
treatment G (76.37%), while significantly lower values
were obtained with S (41.23%) and P (36.1%). The
lowest NM value was obtained with the FYM
treatment (30.12%). The difference in NM between
treatments P and S at the end of incubation was not
statistically significant (Table 4).

Total N content (Ntot) and the C/N ratio of the
OMs were compared with the parameters of the
kinetic model, AN and k. Statistically significant
correlations were observed between mineralization
parameters (AN and k) and between chemical
composition parameters (Ntot and C/N ratio) (Table
5).
Calculation of N needed for the nutrition of
organically produced lettuce

Using the zero order kinetics model (N(t) = k t) k
and Nt values were calculated for blank soil. The N
mineralization rate constant of the blank soil was 0.09
−1
−1
mg N 100 g soil day and the total amount of

Poovatodom (1988), Sierra (1997), and Katterer et
al. (1998) reported that at temperatures ranging from

Table 4. Recorded NM of analyzed OMs at the end of the incubation period and
parameters of the kinetic model AN and k.
Organic Materials

k1 (day−1)

AN2 (%)

NM3 (%)

r4

FYM
G
P
S

0.098
0.127
0.114
0.119

30.40
72.69
36.60
40.28

30.12 c
76.37 a
36.10 b
41.23 b

0.78
0.87
0.85
0.82

1
2

3
4

k: Mineralization rate constant;
AN: amount of potentially mineralizable N (percent of total N applied) according to the
kinetic model;
NM: recorded net mineralization of OM (percent of total N applied);
r: correlation coefficient between NM and AN. Values followed by different letters are
significant at P < 0.01

Table 5. Correlation coefficients and equations of regression between chemical
composition of OM mineralization parameters.
Mineralization
parameters

Chemical
composition

r

Regression equations

AN1

C/N ratio
Ntot3

−0.97*
0.99*

−5.8026 C/N + 90.896
3.5117 Ntot + 21.285

k2

C/N ratio
Ntot3

−0.87
0.98*

−0.0005 C/N2 + 0.0037 C/N + 0.12
−0.0003 Ntot2 + 0.0071 Ntot + 0.08

1

AN,: Amount of potentially mineralizable N (percent of total N applied), values of NM
according to the kinetic model;
2
k: mineralization rate constant;
3
Ntot: total amount of N in OM (%);
*: values with superscripts are statistically significant (P < 0.05)
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5 to 35 °C if the temperature rises 10 °C the level of
mineralization of OM in soil doubles. Considering the
fact that the vegetation period of lettuce in field
conditions was 8 weeks, and that the average air
temperature during vegetation was 13 °C (20 March20 May), we estimated that the mineralized of N from
the OMs and organic matter in the soil would be
equivalent to values obtained in the incubation
experiment, which lasted only 4 weeks at a
temperature almost 2-fold higher (28 °C).

Mineral forms of N in the soil during the
vegetation period of lettuce
As a result of the mineralization of organic matter
in the soil and of the applied OMs, the content of
mineral forms of N in the soil increased significantly
more with fertilized treatments, as compared to the
control for most of the vegetation period both years of
the study.
At the time of harvesting mineral N content in the
soil in plots without vegetation in the first and second
years of the study was 53 and 78 kg N ha−1,
respectively (Figure 1). If we subtract the initial
amounts of mineral N present in the soil at the
moment of planting the lettuce in the open field we
get net mineralization of 30 and 43 kg N ha−1 for the
first and second year, respectively.

Based on the premise that the total N requirement
of lettuce was no more than 120 kg N ha−1 (Doerge et
al. 1991; Sorensen et al. 1994; Bavec 2003) and using
Eq. (3), we calculated the total quantity of N from the
quantity of potentially mineralizable N required to
satisfy lettuce that was incorporated into the soil (40
and 35 kg N ha−1) (Table 6).
Nf = (Ntg – Ni – Npot – Nw + Nl)/b

The effect of the application of OM on the yield
and nitrate content in lettuce

(3)

Applied OMs had a significant effect on the total
yield of lettuce. Both years the yield of fresh mass of
lettuce after the OM treatments was significantly
higher than that obtained with the control treatment,
while the difference in yield between the 2 years was
not statistically significant (Table 7).

where Nf is the amount of N applied through different
−1
OMs (kg N ha ), Ntg is total need for N (120 kg N
−1
ha ), Ni is mineral N content in the soil at the time of
planting (32 kg N ha−1 in 2007; 35 kg N ha−1 in 2008),
Npot is the amount of mineral N that will be released
by the mineralization of organic matter in the soil
during lettuce vegetation (66 kg N ha−1), Nw is the
amount of N introduced by irrigation (7 kg N ha−1),
Nl is N losses (volatization, denitrification, and
leaching) (25 kg N ha−1) estimated according to data
in the literature, and b is the coefficient of the
availability of total N applied via different OMs
(potentially mineralizable N) (b = AN/100).

Nitrate content in the fresh mass of lettuce
obtained with all treatments both years was below the
maximum allowed content (2500 mg kg−1), which is
regulated by the EU (Commission Regulation (EC)
No 466/2001, Annex 1, Section 1). In both years the
lowest nitrate content in the fresh mass of lettuce was
obtained with the control treatment (Ø) and the
highest was obtained with the S treatment. Nitrate

Table 6. Applied amounts of OM and total N (in 2007 and 2008).
OM applied
(kg ha-1)
Organic
Materials

2007

2008

2007

2008

FYM
G
P
S

7500
391
2941
1624

6600
338
2576
1429

150
60
121
108

132
52
106
95

1

168

Total N applied1
(kg N ha-1)

Through the applied amounts of total N, 40 kg N ha−1 (in 2007) and 35 kg N
ha−1 (in 2008) of potentially mineralizable N was incorporated into the soil
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90
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2007

80

a

a

80

a

a

2008

a

70

ab

kg (NO3 -N + NH4 -N) ha

-1

b
60

a

ab a

a

b
b

50

c

ab
40

b

b

b

c
b

II

Ø

FYM

S

P

III IV V

ab

ab

a
b

a

a
a
a
a

30

Aab
Aab
Ba

Aab
Bab

c

c

b

Ab Ab
Ab
Ab
Ab

40

Bb

20

10

60

30

Ab

20

G

VI VII VIII

Aab

50
c

a
a

a
a

70

Aa
c

a

a
a

Aa

b

a

50

a

Aa

a

a

40

20

I

ab

Plot without vegetation (Ø2)
80

ab

b

60

a

c

a
a

10

a
a
a

b
b

a
a

30

a
a

a

ab

a

a
ab

a

b

a

ab

a

ab

70

b

ab

ab

ab

a

a

ab

90

a

I

II

Ø

FYM

S

P

G

III IV V VI VII VIII IX

2007
10

I

II

2008

III IV V VI VII VIII IX

Times of measuring (weeks)

Figure 1. Content of mineral N (NH4-N + NO3-N) in the soil (0-30 cm) during the lettuce vegetation (in 2007 and 2008).

Table 7. Lettuce yield, nitrate content in fresh mass of lettuce, amount of N taken up, and mineral N content in the soil (NH4-N and NO3N) at the time of harvesting (2007 and 2008).
Yield
(kg FM1 ha−1)
Treatment2

Ø
FYM
G
P
S
Average
1
2

Nitrate
(mg NO3 kg−1)

N-uptake
(kg N ha−1)

Min N-soil
(kg N ha−1)

2007

2008

2007

2008

2007

2008

2007

2008

38711b
45843a
44148a
43666a
45416a
43557A

39975b
46927a
47773a
47229a
46653a
45711A

1487b
1642b
2103a
2207a
2406a
1969A

1134c
1579bc
1970ab
2104a
2258a
1809A

45.8b
63.8a
66.6a
66.6a
73.4a
63.2A

50.6b
67.3a
73.5a
67.2a
71.9a
66.1A

30,7b
50.4a
57.1a
55.8a
61.0a
51.0A

40,5c
56.6b
64.9a
72.0a
68.0a
60.4A

FM: Fresh mass;
Ø: control; FYM: farmyard manure; G: guano; P: forage pea seed; S: soybean seed. Values followed by different upper- and lowercase
letters are significant at P < 0.05. Uppercase letters denote differences between the years and lowercase letters denote differences between
times of measurement in each year. Year × time interactions were not statistically significant

content obtained with the G, P, and S treatment was
significantly higher than that obtained with FYM and
Ø, whereas the difference between FYM and Ø was
not significant both years of the study.

Mineral N content in the soil and total N in the
yield at the moment of harvesting were significantly
higher with fertilized treatments than with the control
treatment.
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Discussion
OMs analyzed in the incubation experiment
exhibited different mineralization dynamics and were
dependent on the amount of total N and the C/N
ratio, which is in agreement with previous results (Fox
et al. 1990; Palm and Sanchez 1991; Quemada and
Cabrera 1995). The values of the constant of the
mineralization rate of OM, k, which indicates the rate
−1
of mineralization, ranged from 0.098 day (FYM) to
−1
0.127 day (G). The values of net OM mineralization
calculated on the basis of the kinetic model (AN),
which represent the share of potentially mineralizing
N in total N, were proportionate to the mineralization
rate constant k, so that the highest AN value was
obtained with the G treatment (72.69%) and the
lowest was obtained with FYM (30.40%).
We observed a significant positive correlation
between k and total N content, while the correlation
between k and the C/N ratio in OMs was negative
(Table 5). Similar correlations between chemical
composition (C/N ratio and Ntot) and mineralization
parameters (k and AN) were reported by Chaves et al.
(2004), Cordovil et al. (2005), and Agehara and
Warncke (2005).
The determined value of the constant k (0.090
day–1) of the rate of mineralization of organic matter
present in the soil was higher than the values
determined by other researchers that analyzed soils
with lower total N content. For example, Cordovil et
al. (2005) reported k 0.032 day−1 for a sandy soil. De
Neve et al. (1996), depending on the temperature of
incubation, reported the following values for k: 0.006
day−1 (5.5 °C), 0.008 day−1 (10 °C), 0.017 day−1 (16 °C),
and 0.027 day−1 (25 °C). The relatively high k values
for organic matter in the soil in the present study can
be explained by the fact that during the incubation we
used topsoil with high humus content, as well as the
fact that the plot from which the sample was taken
was on a farm certified for organic production, where
organic fertilizers had been used for years. This might
have affected microbiological activity, causing more
intensive mineralization of organic matter in the
analyzed soil. According to Tu et al. (2006), the soil
microbial respiration rate and net N mineralization
were, on average, 83% higher for soils in transition
from conventional to organic production than for the
conventionally used soils.
170

The content of mineral forms of N in the soil
during vegetation exhibited equilibrium between the
mineralization of applied OMs and organic matter in
the soil on the one hand, and immobilization of
mineral N by lettuce plants and the soil’s
microorganisms on the other. The production of dry
matter in lettuce and N uptake followed a square
function; N uptake starts to increase considerably
from mid-vegetation to harvest time (De Pinheiro
Henriques and Marcelis 2000; Broadley et al. 2003).
In the second half of the vegetation period, although
mineralization conditions were more favorable,
mineral N content in the soil actually decreased,
primarily as the result of N uptake by the lettuce,
which surpassed mineralization (results not shown).
In 2007 the decrease in mineral N content during
the second half of vegetation may have been due not
only to the process of immobilization, but also to high
precipitation during this period, when in a relatively
short time there was over 70 mm of rainfall, which
could have caused some of the mineral N in the
topsoil, i.e. the area where the root system of the
lettuce is, to be transferred to deeper layers of the soil.
This seems to be supported by the dynamics of
mineral N during vegetation of lettuce in the plots
without vegetation (Figure 1).
The application of OMs and their mineralization
in the soil caused the release of additional quantities
of N, which, in addition to having a beneficial effect
on the yield, also resulted in a significant increase in
nitrates in fresh mass of lettuce (Table 7). Lettuce is a
vegetable with a relatively high nitrate content in its
fresh mass, even above 10,000 mg kg−1 (Corré and
Breimer 1979; Terbe et al. 1986). A direct effect of the
mineral N concentration in the nutritious substrate
on the nitrate content in plants has been reported by
a number of researchers (Ilin et al. 2000; Broadley et
al. 2003; Safaa and Abd El Fattah, 2007). However, the
fact that the nitrate content in plants is not affected
only by the content of mineral N in the soil is
supported by the fact that in the present study the
level of nitrates in the fresh mass was lower in 2008
than in 2007, even though the concentrations of
mineral N in the soil in all treatments in 2008 were
higher than those in 2007. In 2008 lettuce was
harvested a week earlier than in 2007; therefore,
during the last week of vegetation the plants were
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exposed to considerably different conditions,
primarily to different temperatures (Figure 1), which
could also affect nitrate content in the fresh mass.
In both years of the present study total N taken up
by lettuce plants was significantly higher with
fertilized treatments than with the control treatment,
primarily as a result of significantly higher yields that
were obtained with the fertilized treatments (Table 7).
The content of mineral N left in the soil was also
significantly higher with the fertilized treatments than
with the control treatment.
In conclusion, the analyzed OMs differed in
chemical composition, which affected the rate of
their mineralization and NM values at the end of
incubation. Automatically, they are not as valuable
as N fertilizers. The results show that guano, applied
in the amount that incorporated 2.5 times less total
N than manure, released the same amount of
mineral N as manure. This indicates that, by
determining the content of potentially mineralizable
N and the OM mineralization rate constant k, we
can significantly improve the efficiency with which

plants use N. The effect that the chemical
composition of OMs have on their mineralization
needs to be taken into account when calculating the
doses and time of application, in order to achieve
the highest possible efficiency of N utilization by
plants, and to regulate the nitrate content in the
fresh mass of lettuce and control the amount of
residual mineral N in the soil at the end of
vegetation. Furthermore, when determining the
required amount of N fertilizer it is necessary to
assess not only potentially mineralizable N content
in OMs, but also the sensitivity to temperature
change during mineralization of every OM, so that
the results obtained by the incubation method could
be more accurately implemented in the creation of a
universal fertilization model in organic production.
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